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Abstract 
The change of the electrical grid towards the Smart Grid development is around the corner. 
Electric vehicles, distributed energy resources, microgrids, demand response, energy storage 
or grid automatization are changing the way the grid is managed. In this project, the Advanced 
Distribution Management System (ADMS) is analyzed focusing on the innovation it is to the 
electrical energy management in the distribution and low voltage networks as well as the 
microgrids and, as they are related, Distributed Energy Resources (DER). 
Section 3 explains the current state of the electrical network and the problems it is facing 
nowadays. It is focused on the change of model from a one-way power flow to the bi-directional 
power flow and the problems it brings to the electrical grid management. Furthermore, it is 
explained why does the grid needs to evolve towards what is known as the Smart Grid and 
what are the key technologies to make it happen. The main technologies related to the smart 
grid are then explained (3.3). Finally, at the end of this section, it concludes that some of the 
higher priorities for this evolution are DER, microgrids and energy storage integration within 
the IT systems used for utilities to manage the grid. 
Section 0 explains what is it in general the ADMS, which systems it can integrate and which 
functionalities does it usually have. Subsequently, the key functionalities from the ADMS for 
DER and microgrids management are explained (4.1), how do they work and which benefits 
do they have when they are integrated in an ADMS instead of working independently. 
Finally, in section 5 briefly studies the market to understand the future development of the 
ADMS in the upcoming years and which companies are developing this software and adapting 
it to fit the market necessities. There is also a study of the current technology state and what 
are they next development challenges. 
In conclusion, the ADMS brings the opportunity to company grid operators and utilities to adapt 
and modernize their grid for the overcoming challenges of DER integration and microgrid 
management. Whether this integration is because of the vision of the company/utility or due to 
external factors, such as end-consumer satisfaction or governmental policies, depends on 
each case. The number ADMS developers are high enough to guarantee that the development 
of this technology will continue and that new ADMS solutions will emerge to improve even 
more the ones present today.  
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2. Introduction 
The Advanced Distribution Management System (ADMS) is a software present in the utility for 
some years now. Numerous studies have been made in how does the ADMS benefits the 
utilities explaining the advantages it has for the distribution and low voltage network 
management. However, most of these studies, which have been found, list the advantages of 
the ADMS or what allows the utility to do and a brief explanation of it. Moreover, the focus of 
the studies related to this topic are usually more like informative brochures without focusing 
and explaining what makes them better than the previous systems. 
In consequence, the goal of this study is to analyze the ADMS from an innovation perspective 
focusing on one of the many functionalities it has, the microgrid management and, as it is 
technologically very related, the Distributed Energy Resources (DER) management. The 
scope of this study is not to understand deeply the technical performance of the ADMS but 
rather the general concept of what is it, its unique value compared to the previous utility IT 
systems and the key functions it has for DER and microgrids management. The frame 
considered in this study is that the upcoming grid evolution tends towards the smart grid and 
the distributed generation, at least in the following 10 – 15 years. Disruptive new technologies 
that can change completely the paradigm of the electrical distribution were not contemplated. 
The methodology used in this study has been interviewing experts in smart grid development 
and ADMS solutions who come from companies either ADMS providers or utilities who are 
thinking of adopting the ADMS. The information which has not been possible to achieve with 
this interviews or needed further investigation was searched in internet with different search 
tools such as Scholar Google or Global Factiva. To achieve the main goal of this study, the 
steps followed have been to understand and describe the current situation of the electrical grid, 
the problems its facing in the nearest future and towards what can it change; analyze a 
technology, the ADMS, which allows the solution of this problem by comparing its main 
functionalities for a specific solution with alternatives to achieve a similar goal and the current 
developers of this product by doing a market analysis. 
All in all, understanding and explaining a new technology as complex as this one without 
having a heavy technical background in electrical grid distribution is tough. This study 
represents a new approach to the understanding and analysis of one of the functional 
advantages of the ADMS, microgrids and the DER management. 
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3. The Electrical Grid. The evolution towards Smart 
Grids 
3.1. Current Electrical Grid  
3.1.1. Description 
In a general way, we understand the current electrical network as the combination of 
transformers, lines and infrastructures which have and distribute the electrical energy from the 
production/generation power plants (not specifying any size of them) until the end-consumers.  
They were mostly built in the middle of the last century with a way of understanding energy 
generation and consumption. This way was basically that the main generation power plants 
were based far away from the population. Therefore, the idea of becoming more efficient was 
basically by developing a network system stronger and effective, so they will be able to hold 
not only the power consumption of the construction date but also the one to come in a far 
future. 
The electrical distribution works basically with the basic idea that, with low intensity, losses are 
lower (by the Joule Principle). Therefore, to reduce it, they work in a really high voltage. As this 
cannot be working until it reaches the end-consumer, the electrical network has infrastructures 
which lower progressively the voltage from the 220kV or higher to the 100-400V, which is the 
usual voltage of the consumers. 
The infrastructure mentioned before (transformers, elements of control and so on) are 
designed and dimensioned to withstand the future necessities. In Spain, for example, the 
different aspects (generation, transmission and distribution) are separated and managed.  
(Observatorio ETIC, 2011) 
For instance, the transmission is monopolized by the State Company called Red Eléctrica 
Española (REE). They are the channel between the power generation plants and the 
distribution grid by transporting the electricity in high voltage. 
REE has another function though. As electricity cannot be stored in big amounts, they are in 
charge also of forecasting the demand and supervise in real-time that the production equals 
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the consumption and operate the grid by managing and demanding an increase or decrease 
in the generation according to the deviation. This forecasting is done by creating a forecast of 
the demand curve, which is constantly updated to the real necessities. This curve has a typical 
form, as it has its peaks in certain hours (normally closed to midday and afternoon) and low 
demand periods, according to the time in between and during the night.  
 
Figure 3.1: Demand Curve in Spain. Source: (REE, 2017) 
Most of the recent technological improvements in the sector have been attached to the 
transmission networked mentioned before, as well as in other areas such as the market 
management and operation or the electrical grid management (in the transmission part). 
However, in the medium and low voltage, closer to the end-consumer, there hasn’t been barely 
any modification. The most recent one in Spain, for example, has been to change the analogic 
counters, also known in Spain with the name of ICP, for digital ones.  (Observatorio ETIC, 
2011) 
3.1.2. Problematic 
The current electrical network in Spain is working properly for how it was designed. However, 
some things should change, especially the ones focused in the end-consumer and the 
functionalities it should have. Quoting Reid Detchon, from Energy Future Coalition, running 
today’s digital society through yesterday’s grid is like running the Internet through an old 
telephone switchboard (Dirkman, 2014). The point of this statement is to emphasize that the 
current electrical grid is outdated for the coming future, as it should withstand some changes 
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and necessities which was not prepared for it. 
It is expected a moderate growth of demand in the future, a higher share of the energy 
generation through renewable energies and a necessity of stable and flexible power 
generation. (Observatorio ETIC, 2011) 
Besides the problems due to the state of the grid, there are currently more problems, such as: 
 Increase of the fossil fuels price 
 Increase of the power generation plant construction 
 The high peaks of demand, unable to support with the normal generation plants, force 
the use of special power plants to support it which are more expensive, thus increasing 
the price of electricity. 
 Necessity of integrating the renewable energy for the end-users, such as solar panels, 
allowing them to generate their own electricity or even to sell it to the grid. 
 The increasing environmental concerns, as most of the energy is produced by fossil 
fuels (such as oi, gas, carbon, etc.) and mean an increase in the emission of 
greenhouse effect gases.  
This, and more, which we will explain and focused later, create a new concept of electrical grid 
know as Smart Grid. 
3.2. The necessity of the Smart Grid 
Energy consumption based on the fossil fuels has been one of the keys for the last century 
development. These kinds of energies have been used without measure, considering them 
unlimited and without considering their environmental impact they cause. 
Due to the huge amount of energy this way of generation produce and the consideration of 
unlimited amount of this raw material available have affect in the supply chain of the energy 
until nowadays. The mentality is the following: generation, transmission, distribution and 
consumption. (Singh, et al., March 2017) 
 
Page 16  Memory 
 
 
 
Figure 3.2. Nowadays Electricity Supply Chain. Source: (NetGain Energy Advisors, 2017) 
The change of the energy model towards a model which uses distributed energy sources, 
optimizes and controls the renewable energy resources, can make the grid more efficient and 
thus, saving energy. (Observatorio ETIC, 2011) 
As commented before, this new model pretends to change the current grid towards one which 
anyone connected to the grid might be a contributor by producing electricity and giving it to the 
grid as well as a consumer. This model gives a lot of possibilities, allowing the creation of small 
generators and takes away the dependence on the big power plants as nowadays happens. 
The change towards a Smart Grid allows to reduce the energy losses due to the short 
transmission lines needed, generation with all kind of renewable energy resources, including 
the ones which can’t be controlled, such as wind power or solar power, the management of 
energy storage or even the massive connection of electric vehicles to the network. 
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Figure 3.3. Change of electricity generation model. Source: (High West Energy, 2017) 
The utilities and the electricity sector are expected to implement some of the examples 
commented before in the electrical grid in the following decade. Some of the most important 
ones are the following: 
 Demand Response.  
They will try to implement strategies for local reduction and regulation of the 
demand and control of loads through electronic measurement (as the 
implementation of the digital load controller which has happened recently in 
Spain) or automatic systems to management the measures. 
 Consumer involvement. 
In the past, the consumer has mostly been ignored or not considered. It has 
developed a passive attitude versus the electrical grid. The goal is to make 
them more participant and active in the development of the grid, empowering 
them to generate energy through microgeneration (solar panels in the roofs of 
dwellings for example), to lower the demand peaks by rewards systems, for 
example and create services more adapted to their necessities and so on. In a 
survey made by Itron (2012) only 25% of the consumers felt satisfied with the 
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amount of communication from utilities about changes in the industry, proving 
the lack of information and participation of the costumer with the utilities. 
 Electrical grid automatization.  
Making more efficient the maintenance of all the components of the grid, even 
doing it remotely is one of the concerns and goals they have. This will make a 
strong investment in the renovation of the current grid.  
 Centralized generation security.  
Due to the rise of the generation, the central power plants will have to be 
restored and adapted to warranty a safe supply, thus improving the electrical 
supply in front of any disturbance. 
 Distributed generation and renewable energy sources.  
The management and integration of this kind of energy in the grid or the 
management of the local grids, which help the reduction of power losses and 
emissions, are key to the evolving grid. 
 Monitor the grid.  
The current monitoring systems are advanced only in the transmission grid. 
The distribution and end-consumer grid is still not upgraded. The evolution 
tends to a better system to manage the grid and monitor.  
 
3.3. Smart Grid associated technologies 
3.3.1. Distributed Energy Resources 
The DER are historically used to refer to those power generation facilities much smaller that 
the common utility-scale generators and they are much closer to the demand centers and end-
consumers. Some basic examples could be rooftop solar panels or small wind turbines, if they 
are considered renewable energy resources, or a diesel generator that supplies extra energy 
to a group of dwellings if we consider them non-renewable energy resources.  
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DER, especially the renewable ones such as solar or wind, have a very variable nature, as 
they depend on external factors such as the weather conditions. This intermittency and 
variability create changes of the power flow really quickly (sometimes in a second or sub-
second scale). This power flow changes can result in flickers, voltage surges or sags, 
brownouts or even the consumer and industrial electronic and electric devices.  (Bosong Li, et 
al., 2015) 
Besides, the voltages profiles and the power flow directions would be difficult to observe and 
would have to be seen to have a real-time measurement and/or periodical load-flow or state-
estimation calculations.  
These operational characteristics, static and dynamic, of the DER, as well as their 
management of disconnecting and connecting from the grid will affect directly the operational 
reliability and power delivery quality. (Observatorio ETIC, 2011) 
All this factors create new challenges to distribution management systems, including the DER 
modelling for the DMS, the algorithms and application functionalities and overall integration. 
3.3.2. Electric Vehicle 
The electrification of the transport is the key for a huge reduction of noxious particles to the 
atmosphere, greenhouse effect gases, etc. National incentives have been made in numerous 
countries to boost the electric vehicle (EV). Not only has opportunities this development but 
also its challenges. 
One of the main problems can be exemplified in Spain, back in 2014. In that year, the Spanish 
Government expected to have 250.000 vehicles in the country, compared to the 70.000 which 
happened to be in 2012. If we consider that the vehicles were charged in the lowest power as 
possible, it would need each vehicle around 4 kW (which happens to be the average of the 
power hired by a dwelling in Spain) and it would need around 5 hours to do so. Taking the 
worst-case scenario, which would be that all those vehicles in 2014 are plugged-in at the same 
time, when they come back from work (around 20h or 21h), the energy demand to withstand 
this increase would reach the 1 GW between 22h and 23h. This huge amount of power is what 
a nuclear power plant produces already and, the time when this would happen, is close to 
when the demand peak is at its highest point (between 20h and 21h, as it shows Figure 3.1). 
That would demand to turn on the other energy power plants (including the ones more 
inefficient and which pollute more) and would even mean the creation of new energy power 
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plants. Not only that, but the transmission and distribution grid would also have to be modified 
to bring the electricity to the end-consumer. This could be avoided by charging faster, so the 
time needed to charge would be lower, but it also would mean to increase the power needed 
during a certain time. 
Alternatives to avoid the problems mentioned before would be to charge the vehicles through 
different times during the day (and absorb the energy of the grid when the demand is low and 
the system can give it, such as 3 AM or when the renewable energies produce in excess) and 
even to give energy to the system when the demand is higher than the offer (and use the 
electric vehicles as batteries). These systems would precise of intelligent charging facilities, 
managed by the contract with a grid operator or even a bidding manager. 
If the power generation would be enough, there would be a necessity to integrate the electric 
vehicles to the grid in special points to charge one or several at the same time and consider 
the current electrical demand curves.   
3.3.3. Microgrids 
As explained before, distributed renewable and/or non-renewable energy power installations, 
electric or hybrid vehicle, and demand response and energy storage is bringing opportunities 
and challenges to the electrical grid and its distribution system.  
One of the available approaches to integrate all the previous technologies is through a 
microgrid.  
A microgrid, as defined by Microgrid Exchange Group, from the U.S. Department of Energy, is 
a group of interconnected loads and distributed energy resources within clearly defined 
electrical boundaries that acts as a single controllable entity with respect to the grid. A microgrid 
can connect and disconnect from the grid to enable it to operate in both grid-connected or 
island-mode. With this description, a microgrid can be simplified as a resource connected to 
the electrical grid and distribution network and able to be controlled.  
Exporting or importing power to the main electrical and distribution grid depending on the 
system constraints and economic incentives is one of the examples a microgrid has. There 
are much more though, such as 
 Ancillary services with voltage support and regulation services for the main grid 
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 Improvement of local reliability 
 Emissions reductions 
 Lowering the cost of energy supply thanks to the DER, Electrical Energy Storage (EES) 
or responsive loads. 
Traditionally we can define three types of microgrids. They all have the same common 
characteristics but differ in the interaction with the main grid. 
The first type of microgrid would have the main characteristics of being connected to the main 
grid by only one connection point and one meter. Usually it has: 
 Local generation (can include gas-powered combined heat and power) 
 Fuel cells 
 Photovoltaic panels 
 Flexible loads 
 Micro-turbines 
Some examples of this kind of microgrid could be from industrial plants or factories, 
commercial buildings, or even large houses. (Samples, 2017) 
The second kind is a microgrid owned privately entirely, such as an industrial complex, military 
base or even university campus. Usually they have their own distribution grid. However, in the 
utility in charge of distribution, they look like a single flexible load. 
Finally, the last type of microgrid is the one which original comes from a section of a distribution 
grid of a utility and has been modified and reconfigured as a microgrid. The utility meshes the 
several feeder and substations into unique grid. They usually contain enough generation to 
sustain the loads present in it. This kind of microgrid, with a high DER penetration, can be 
modified according to their needs and balance the demand and generation. Some examples 
of this kind of microgrid could be remote communities (including island communities) or even 
eco-districts inside a city. ( Samples, 2017) 
Besides all the opportunity and benefits microgrids give to the consumers and the network, 
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such as the reduce of transmission costs or to shave the peak power in certain hours, they 
also give some challenges to the network which should be considered for the integration of 
them in the grid.  
The first of them would be the system protection. Microgrids, in certain parts of the day may 
generate excess of energy, which the main grid absorbs. The distribution system, as we 
commented before, is not well prepared and designed for this bi-directional power flow, unlike 
the transmission system which connects big centralized power plants. In the traditional power 
flow, as the generation goes in one direction, if a fault is located in the medium or low voltage, 
the protective gear, as it knows that the power is flowing in one direction (from the source to 
the end points), it can quickly locate and isolate it. In a two-way power flow, that assumption 
cannot be taken and the existence of Distributed Generation (DG) (including microgrids that 
are giving power to the network in that precise moment) might cause it to fail in the precise 
moment when there is a problem.  
Another concern is the system stability. Although a microgrids is designed to equal its 
generation to its demand, probably lots of times this situation might not happen, cycling in and 
out of the main grid power flows. The voltage and reactive power requirements of the grid are 
variable and depend on the system conditions. Renewable energies or costumer potential 
problems could trigger in changes in the demand. All this affects the voltage profile of the grid 
and the microgrid and makes it very difficult to manage. 
Finally, a lack of visibility of the network in the presence of significant amount of microgrids 
would end in an inefficient system. A centralized monitor and control of the grid would be an 
option to help optimize the volt/VAR and reconfigure the network depending on the different 
operating constraints. (Meyers, 2013)     
3.3.4. Efficient & Automated Homes 
It might seem unlikely that the automation of houses might have a role in the development of 
Smart Grids. However, in a short-medium period, the automatization will be a way to control 
the power needed for the dwellings. Currently there are a lot of small equipment in the market 
to make the dwellings more efficient, such as circuit breakers which can switch off secondary 
circuits to avoid reaching the maximum power hired with the grid operators or light sensors 
who turn on the lights only when detects a presence in a room. 
Also, the high number of sensors present in the automated dwelling can be an opportunity to 
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gather even more information on the people comfort and managing more efficiently the energy 
consumption. 
3.4. Development of Smart Grid technologies 
There are more technologies present in the Smart Grid development besides the ones 
mentioned before. In general, some are more relevant than others. Which ones, though? 
In 2012, a survey to more than 460 global Smart Grid executives was made with the question: 
How important are these technologies to increasing smart grid development? The respondents 
had to answer 25 questions on the three main technologies considered by Zyprime and IEEE 
(2012): energy storage, distributed generation and microgrids. 
The answer was the following: 
 
Graphic 1. Answer of the 460 Global Smart Grid Executives to the survey. Source  (Zpryme; 
IEEE, 2012) 
As we can see, more than half of them said the three of them was very important to increase 
Smart Grid development. 
The integration of this technologies, however, is complicated, as we have commented before. 
There are several technologies needed to develop in near future to overcome the difficulty of 
integrating the energy storage, distributed generation and microgrids. 
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The survey mentioned before also had another question, in which they 460 global Smart Grid 
executives were asked: How important are the following technologies to integrating grid-scale 
energy storage, distributed generation and microgrids? 
In the answer of the previous question, the percentage of participants who answered Very 
Important was: 
 
Table 3.1. Percentages that answered Very Important in the survey. Source: (Zpryme; IEEE, 
2012)  
Taking a closer look to the three top technologies in the table, marked in red, we can conclude 
from this survey that the imperative technology development needed for the integration of 
those technologies is somehow a system which combines and integrates at least a Distributed 
Management System (DMS), an Energy Management System (EMS) and can operate with 
the most advanced communications technologies present nowadays. 
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4. Advanced Distribution Management System 
Traditionally, utilities in the electric distribution sector have managed and handled the electric 
grid on manual, paper driven process for the operations. It was handled mostly by manual 
fashion voice communications between the responsible parties, also complemented with 
computer systems, of course, as well as communication facilities and device controllers.  
(Electric Power Research Institute, 2012) 
Then, several systems were created to handle more efficiently the network and they appeared 
when the grid began to be automatized. These systems, such as the Energy Management 
System or the Outage Management System (OMS) began to penetrate in the Utilities day to 
day operations. 
Another system that also was developed was the Distribution Management System, which 
appeared in the middle of last century. It was seen as an advance method for analyzing power 
flows or optimizing management and supporting automation. It was often also seen as a luxury 
for the utilities, as the decrease in operational costs, energy costs and the improvement of 
efficiency did not vary that much, only some extra points, and there was no urgent need of it 
(Navigant Research, 2015). The combination of the DMS with other systems proved to be 
difficult and it created problems for utilities. For example, some utilities in North America, who 
already had an OMS, noted several number of redundancies when they tried to integrate the 
DMS, as each worked in their own data mode and did not share the information between each 
system. To solve it, it was needed a cross-data verification to pass information from one system 
to the other and thus increasing the costs of the implementation. Supervisory And Data 
Acquisition (SCADA) systems proved to be difficult to integrate with the DMS as well. 
The use of the DMS, as explained before, was not capital for the utilities. The changing 
conditions of the power grid, especially the bidirectional power flow, however, is changing this 
need for the DMS.  
An Advanced Distribution Management System (ADMS) is the name given to the next 
evolution from the DMS. Gartner IT Glossary defines it as the software platform that supports 
the full suite of distribution management and optimization. An ADMS includes functions that 
automate outage restoration and optimize the performance of the distribution grid. ADMS 
functions being developed for electric utilities include fault location, isolation and restoration; 
volt/volt-ampere reactive optimization; conservation through voltage reduction; peak demand 
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management; and support for microgrids and electric vehicles.1  
In other words, it has the same concept of the DMS but also includes several additional 
advanced features which allow proactive distribution management, real-time two-way 
monitoring or reactive outage management. All this is integrated in a single platform with the 
same Database, Infrastructure, Security, History and User Interface (Dirkman, 2014). Figure 
4.1 shows the different functions the ADMS has. 
 
Figure 4.1. ADMS Tasks. Source: (Rhodes, Randy; Sumic, Zarko, 2010) 
These opportunities that the ADMS allows and were explained before, such as EV integration, 
is thanks to the combination in a single platform of different IT systems used by the utilities. 
These functionalities allow the utilities to manage, control and optimize their own grid.  
The main systems that can be found merged in the ADMS are the following ones: 
 Distribution Management System (DMS).  
Already explained before, the DMS helps utilities manage their distribution 
network through monitoring and control. It integrates discrete algorithms to 
control several key aspects of the distribution grid such as voltage and VAR 
                                               
1 Extracted from Gartner, Inc. Web site: http://www.gartner.com/it-glossary/advanced-distribution-
management-systems-adms  
Analysis of an innovation: the ADMS microgrid management system Page 27 
 
control and optimization.  Moreover, it integrates all the automation side of the 
network to control and operate it. The Fault Location Isolation and Service 
Restoration system (FLISR) or Voltage / VAR optimization (VVO) are two 
examples of it. 
 Supervisory Control And Data Acquisition (SCADA).  
This system is very common in the industry, not only in the utility sector, as it 
could be defined as a software used to supervise and control a process through 
the distance. The SCADA present in the ADMS can integrate the alarming, 
trending, switching validation or tagging of the network. 
 Geographic Information System (GIS) 
The Geographic Information System is the system of record for the as-
designed or as-built configuration of the network. In other words, it is the 
database in which the information of the network is storage and managed, as 
well as information of the different equipment present in it, such as distribution 
feeder, transformers, gas lines, generation plants, etc. 
 Outage Management System (OMS).  
It is a system used to help utilities restore the power of the grid. It is done ways 
thanks to the costumer call, the incident, the fault and the crew management. 
It helps identify all the outages present in the grid and establishes priorities in 
the restoration process. Many utilities have already OMS with interfaces that 
relate it with the EMS and other IT systems they might have. It requires a very 
good connection with the as-built network model, normally a GIS. 
 Energy Management System (EMS).  
The control and optimization of the transmission and generation is done with 
this system. It can estimate the states of the Distributed Generators (DG), make 
economic dispatches, control electrical loads, etc. It includes subsystems such 
as the Distribution Energy Management System, focused in the DG, flexible 
loads or Energy Storage management. Currently, much of the utilities monitor 
and control the distribution level with the EMS (Cochenour, et al., 2014). 
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 Demand-Side Management (DSM).  
Optimizing the use of energy through Demand Response and Load 
Forecasting (LF) can be done thanks to this system. This management system 
aims to encourage customers to optimize their energy use as well as 
forecasting their needs to plan then how will the grid be managed to be more 
efficient in the short, mid or long future. 
 Customer Information System (CIS) 
The CIS is part of the utility’s IT software suite responsible to manage all 
customer related data like name, physical address, billing information and 
source of power supply (service transformer feeding the customer premise). 
The CIS is helpful in maintaining the customer-to-transformer relationship and 
the identification of priority customers. CIS is usually built into corporate 
enterprise-wide information network (Cochenour, et al., 2014). 
 Automated Metering Infrastructure (AMI) 
This infrastructure is key to ADMS, as it has the three types of Smart meters 
(Feeder, Bellwether and Residential meters) needed for advance features of 
the ADMS to work, such as the Fault Locate, Isolate and Service Restoration, 
explained in detail further in the analysis. 
The ADMS solution is usually offered as a whole system and common platform. There can 
exist several small systems focused in one part, such as the management of distributed energy 
resources and microgrids, the DERMS. The key concept of the ADMS is that it integrates all 
these system into one single platform, allowing a much flexible grid management to adapt the 
network to the Smart Grid development and the new reality of the electrical distribution. The 
different systems interact with each other using the same data model and infraestructure, 
making the share of information and the network visibility much more efficient than if they work 
separately. Figure 4.2 shows the interaction between several of the IT systems explained 
before in a typical ADMS configuration.  
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Figure 4.2. Diagram of a typical ADMS system and interactions. Source: (Cochenour, Ochoa 
& Rajsekar, 2014) 
4.1. Key ADMS functions for microgrid and DER management 
The combination of the different systems explained before allows the ADMS to become the 
single platform from which a utility can manage its entire distribution and low voltage network. 
There are specific advanced features present in the ADMS, though, which allow the integration 
of microgrids and DER management within the grid.  
4.1.1. Load forecasting 
The Load Forecasting, a part in the Demand-Side Management structure for smart grids, as 
shown in Figure 4.3, is used to predict the requirements of energy of a system thanks to 
historical data. Its goal is to balance demand and supply. It’s used to predict the load mainly 
for a specific period. This period classifies the Load Forecasting into three. 
 Short term LF. It is used for hourly prediction up to 1 week ahead. It is focused on 
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daily running and cost minimization. A similar example to load forecasting can be the 
Demand Curve shown previously in Figure 3.1. 
 Medium term LF. Forecasting in weeks, months or even years, is thought for the 
efficient operational planning. 
 Large term LF. Focused on the expansion planning, can forecast up to 50 years 
ahead. 
There are two ways of classifying the models in which the ADMS can forecast the load 
demand. 
 Statistical based model.  
It is done with mathematical equations. Their parameters usually have linear 
relationships between each other, increasing its accuracy. Some examples of 
this based model are Multiple Linear Regression or General Exponential 
Smoothing. 
 Artificial Intelligence based model.  
It is based in computational technics which do not require any previous 
modeling. Some examples could be the Expert System, Grey System or 
Artificial Neural Network (ANN) (Raza Khan, et al., 2015). 
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Figure 4.3. Hierarchal model for DSM in Smart Grid. Source: (Raza Khan, et al., 2015) 
The Load Forecasting is fundamental to optimize the network. With it, the microgrid can also 
be forecasted on how much energy will it require and, therefore, know also how much energy 
it might produce for self-consumption and estimate the energy that will provide or receive 
to/from the main grid. 
4.1.2. Renewable forecasting 
Forecasting the energy generation for the renewable distributed energy resources is of a great 
importance to predict how much energy shall the large centralized power plants produce to 
support the demand while the renewable DG generate the rest of the energy needed. An 
example, on how important is to forecast the future, is with the weather forecast. The weather 
is the largest external factor that affects the grids. It influences highly on the demand and 
renewable energy supply, as it has a high relation between the renewables ones such as the 
solar or wind energy generation (Dirkman, 2014). 
The renewable forecasting is done mainly through weather forecast, status of the DER, 
historical information and other from each place where there is a renewable distributed 
generation resource. Applied to microgrids, it helps forecast how much energy the microgrid 
renewable energy resources will generate and, therefore, the amount of energy which it will 
need in case they might have to take or give from/to the grid. (Bessa, et al., 2016) 
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4.1.3. Relay protection – Switching Management 
Routine maintenance, construction or operation of the distribution system needs that the 
operator assisting the operation prepares the switching plans. This switching management 
function is used for safety reasons for the operators’ crew who are working in the field. With 
the traditional power flow, it was easier to estimate and switch the direction of the power flow. 
However, the presence of DER and microgrid in the distribution system increase the risk that 
they inadvertently feed a section which was supposed to be without power, where some crew 
members could be working, and create a safety risk. (Singh, et al., March 2017) 
This new switching management integrated in the ADMS can be updated with the rest of the 
IT systems of all the DER, microgrids location and status and make sure that the safety 
protection in the switching plans is performed appropriately (Nielsen, 2016). 
4.1.4. Volt / VAR control and optimization 
Volt / VAR Optimization (VVO) and control is one of the main ADMS functions and features 
and shows the importance of the tendency towards the ADMS implementation.  
In the past, conventional voltage management only had to measure and analyze slow 
dynamics of the voltage in the distribution grid (Olival, et al., 2017). To do so, it was mainly 
done with voltage regulators, capacitors banks or electromechanical controllers, represented 
in Figure 4.4.  
 
Figure 4.4. Volt-VAR Control Using Electromechanical Controllers 
 
Analysis of an innovation: the ADMS microgrid management system Page 33 
 
Nowadays, a grid with a high penetration of DER will probably have: 
 Fluctuations caused by intermittent energy resources, such as photovoltaic solar 
panels or wind turbines. 
 High interaction with responsive loads which affect the voltage. 
 Switching dynamics in feeders and control devices of the power flow. 
Therefore, the voltage control and optimization systems need to be much faster to give a 
response to the system (Veda, et al., 2017). 
The objective of the VVO is to maintain acceptable voltage levels in the grid. Besides this one, 
it has others such as power factor correction, minimize the losses in the transmission of 
electricity to the end consumers, provide energy efficiency and shave the peak demand curve. 
This is done by measuring the grid and optimizing it not only with capacitor banks and voltage 
regulators but also with smart inverters, microgrid controllers, DERMS or grid-edge devices. 
With the ADMS solution, the volt / VAR optimization system: 
 Obtains real-time measurements (thanks to the presence of Advanced Metering 
Infrastructure), especially in feeders related with renewables resources, as the amount 
of measures and data needed to estimate them are much higher than conventional 
energy generation. 
 Control and verify that field devices implement the given instructions to optimize and 
control the grid voltage. 
 Takes decisions and control actions based on system-level considerations rather than 
local conditions. 
 Preview the effects of EES in voltage profiles once they are switched on or off. 
 Interact with the microgrid controllers, smart inverters, DERMS or grid-edge devices. It 
is important to try to minimize the use of the capacitor banks and voltage regulators, 
as they necessary in case there are fluctuations caused by high penetration of 
photovoltaic solar panels, thus being the interaction with the other mentioned systems 
and devices much more important. Interaction with smart inverters and the benefits it 
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provides, for example, will be explained later in Figure 4.6 and Figure 4.7. 
VVO is an ADMS function that serves multiple purposes; it can be used to reduce demand, 
decrease operational losses, and improve power quality. VVO determines the necessary 
control actions for capacitor banks and voltage regulators to reduce losses and/or lower the 
demand. Furthermore, as policies change and DER become more sophisticated, DER can be 
actively controlled as a part for meeting the desired objective. 
4.1.5. Controllable resource management 
There are different controllable resources present in the grid and, as a small-scale grid, in the 
microgrid. 
 Loads.  
Control loads can be very useful for solving problems which have happened in the 
LV grid, such as the costumer’s consumption. Load control are used basically to 
optimize the grid, reduce the costumer and the grid operator cost (Nielsen, 2016). 
Loads can be defined as: 
- Uncontrollable loads. They present technical difficulties to control, 
where a drastic change in consumer habits will potentially cause 
discomfort. 
- Load Shedding. Basically, it’s electrical equipment which can be 
switched off for short periods of time without compromising the quality 
of service and consumer habits. It can be done automatically or 
manually and, with the goal of minimizing the outages, disconnects the 
loads and maintains the system integrity. One of the features present 
in the ADMS, the Emergency Load Shedding, controls this kind of loads 
and will reduce drastically the load present in the electrical grid when a 
lack of power in the distribution network is detected. 
- Shiftable loads. They can be shifted in time, namely transferring 
consumption from peak hours to periods with high microgeneration 
levels that have no relevant impact on the consumer.  
This measures, especially the load shedding, must be done with some precautions and always 
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considering that the costumers’ habits are affected the minimum possible way. Previous 
agreements between the costumers and the distribution grid operator can be reach to define 
the boundaries. 
 Electric Energy Storage (ESS).  
By this classification, not only electric batteries such as static energy storages 
are counted, but also the Electric Vehicles, as we told previously the option for 
them to provide also electricity to the grid in peak hours with previous 
agreement with the costumer. The ESS can be used for storage electricity in 
low-demand periods of time while giving to the network in high-demanded 
periods during the day, as it shows Figure 4.5. The highest handicap is the high 
price they currently have. 
 
Figure 4.5. Peak Shaving thanks to Electrical Energy Storage systems. Source: (Schneider 
Electric, 2016) 
To manage the controllable resources present in a grid there are specific systems develop for 
it, called Distributed Energy Resources Management System (DERMS). The DERMS can be 
integrated into the Utilities IT systems separately, not integrated into their DMS, OMS or other 
systems they might have. Having this system separate from the others can be even 
recommended in early stages of a DERMS application if the DER don’t have a high penetration 
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in the distribution grid of a utility.  
The DERMS can provide different functions, depending on each DERMS. Some of them could 
be: 
 Identify Installed DER Capability 
 Report Present DER Status 
 Provide Forecast/Prediction of DER Opportunity 
 Connect / Disconnect DER 
 Provide Voltage Regulation Support 
 Provide Phase Balancing 
 Coordinate DER with Circuit Reconfigurations 
 Provide Maximum Capacitive Var Support 
 Provide Support for Conservation Voltage Reduction Mode 
DERMS included in the ADMS solution allows the interaction of this system with others. The 
interaction between the DERMS with GIS, weather system, markets, metering can increase 
DERMS functionalities (Electric Power Research Institute, 2012). For example, the weather 
systems can forecast the renewable DER energy generation and how will they have to work, 
as in a storm, for example, the wind turbine might have to be blocked and disconnect from the 
grid to avoid that excessive wind could damage the wind turbine.   
Another example of a benefit with DERMS integration in the ADMS is the possibility to use 
smart inverters to optimize the Volt/VAR using the DER. By using them, it can elevate the 
voltage level more than conventional capacitor banks, enabling lower voltage along the feeder 
and improved efficiency (Electric Power Research Institute, 2012).  
The following figures, Figure 4.6 and Figure 4.7 help compare the difference between a voltage 
regulation operation without the use of DER with same operation with smart inverter thanks to 
the use of DER of Figure 4.7. 
Analysis of an innovation: the ADMS microgrid management system Page 37 
 
In both figures, there is a representation of the steps of a VVO with the use of smart inverters 
and DER or without them. The point of this experiment was to “flatten” the voltage curve and 
reduce the initial voltage of 124V (the American low voltage network works around this voltage 
value instead of the 220 – 230 V in Europe) to the lowest possible level. The reason of this 
experiment is to have a lower voltage profile for the different power consumptions and making 
more efficient the electrical grid. The voltage reduction implies more efficiency as it reduces 
the intensity of the grid and thus, reducing the load consumed. 
Comparing both figures, the Figure 4.7 shows in the line with the number (3) that the voltage 
has been lowered down more than in Figure 4.6, which indicates a more efficient way to reduce 
the voltage level. 
 
Figure 4.6. Voltage regulator operation without the use of DER. Source: (Electric Power 
Research Institute, 2012) 
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Figure 4.7. Voltage regulator operation with the integration of DERMS in ADMS. Source: 
(Electric Power Research Institute, 2012) 
4.1.6. Fault Location, Isolation and Restoration 
The Fault Location, Isolation and Restoration (FLISR) function is one of the most innovative 
features of the ADMS and only exists in ADMS solutions. Its main objective is to detect and 
determine a fault in the distribution grid, then isolate it by closing the proper switches to allow 
service restoration and analyze additional actions needed to maintain the quality service and 
acceptable voltage level, such as determine if the alternate circuits don’t have enough capacity 
for the extra load which suddenly they must sustain. All this must be done without first 
implementing a big number of sensors in the grid. This allows to reduce the outage duration 
and the number of consumers affected by the fault (Veda, et al., 2017). 
Previous implementation of FLISR in Smart Grid Investment Grand program has shown results 
of decreased by 55% the number of consumers with interrupted service. (Veda, et al., 2017) 
Before the FLISR, utilities used a system, briefly explained before, the Outage Management 
System, to locate the position in the grid of a protection with a fault. This system takes into 
consideration the kind of fault, the size of the network it affects or the clients which are also 
affected when it must decide which fault needs to be fixed earlier (Singh, et al., March 2017). 
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When a fault is located through a phone call, for example, the utilities would send crew 
members to fix it. SCADA systems also help getting a general idea of where the fault might 
be, but not the exact point. All this takes a lot of time, which ends up having repercussion in 
the end-consumers, as we can see in Figure 4.8. 
 
 
Figure 4.8. Timeline for service restoration without FLISR. Source: (Electric Power Research 
Institute, 2012) 
The FLISR works in the following order: 
1. Automatically detects a fault that just happened and locates the fault between two 
medium-voltage switches 
2. Gives the order to open those switches between the two ends of the damage area of 
the feeder 
3. Closes other switches (if possible) to give a second way for power to flow and restore 
service in the healthy sections of the feeder. 
All this can be done in an automatic way, without having to intervene manually. That is done 
thanks to the integration of this service in the OMS. 
There are different ways to implement the FLISR, depending on the budget, the kind of network 
and many other characteristics. We can differ three different FLISR systems. 
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 Centralized FLISR systems.  
The FLISR is implemented in the SCADA and DMS systems present in the 
centralized control (if there are) and detects the faults and restores the service 
thanks to switches located strategically through the distribution network. Once 
the fault is located, the operator sends the proper order to restore the service. 
This system, besides of becoming a lower to take decisions as the grid is 
becomes more and more complex, demands a two-way communication line 
and a powerful central processor, otherwise the FLISR system would take 
processor power from other applications that require a lot of processing, such 
as the power flow analysis. Moreover, the scalability of this system is not high, 
as it demands that each time the network is changed, to program the changes 
in the system. This FLISR solution is focused in small-scaled grids which are 
managed by a single operator and don’t require interaction with external 
agents. 
 Substation FLISR system.  
Installed on the substations in the distribution network, this system works with 
the IED (Intelligent Electronic Device) and fault sensors, just as the centralized 
system. Although it needs a small control center in each substation, it can be 
installed with the volt / VAR optimization system for example. It reduces the 
time needed for restore the service, as it doesn’t have to send the information 
to the central control. The problem of this type of installation is that they can’t 
be integrated in a DMS. This solution is focused for large areas with a low 
density of electrical infrastructures like rural areas. 
 Intelligent Distributed FLISR system.  
This system can be easily integrated in already installed SCADA systems or 
DMS. They are more autonomous even than the substation FLISR system. 
Each device can communicate with all the others, which gives a redundancy in 
communication that, if one fails, the others can supply it, allowing to have a so 
called self-healing advantage. They are highly scalable and quicker than the 
other systems to react and restore the service. Finally, as commented before, 
their ability to be implemented with an already existing SCADA or DMS also 
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makes them easily installed with the GIS, which reduces the installation impact 
of the FLISR system in the distribution management system. This kind of FLISR 
appears as a necessity when the network is used by different operators and 
there is a need of instant communication with substations which are managed 
with different operators.  
When the ADMS is implemented there is a need to choose which of the FLISR shall be 
installed. Normally, ADMS vendors recommend the last one, the Intelligent Distributed FLISR. 
The FLISR implemented with the ADMS has also the advantage of being compatible with the 
DER and microgrid penetration, as the difficulty of implementing those changes with a high 
penetration of them and makes it more complex to manage (Nielsen, 2016). The things which 
the FLISR considers when they are present in the grid are the following ones: 
 Isolation and Restoration functionality must consider the presence of energy sources 
located downstream within the network, as they could be feeding the fault also.  
 The intermittency provided by the renewable DER makes it more difficult to estimate 
the amount of power available and how much will be required. Therefore, a 
communication line between the DER management system and the FLISR should 
exist, which also helps FLISR have visibility of the network state and the DER 
associated in it. 
 As a fault is located, it may require to activate the islanding mode of a microgrid and 
have access to on/off commands of DER to protect the microgrid from the fault and 
avoid that the microgrid or DER feeds the fault too. Therefore, there must be a 
communication between the microgrid management (DMS) and the OMS, including 
the FLISR. 
There are systems which can have similar characteristics to the FLISR ones and don’t have 
to be integrated in an ADMS to work. However, they need a first implementation of sensors 
throughout the network, which increase the budget and depends on how gut the 
communication between the sensors and centralized control are. Besides, it won’t be able to 
control the grid with the same efficiency and security, as the communication between the 
FLISR and the rest of the systems is slower also because of the separated database model 
that each system individually has (Veda, et al., 2017). They are recommended, tought, for 
small-scaled networks where an ADMS solution is too expensive. 
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4.1.7. Dynamic Grid Operation 
One of the other key innovations of the ADMS and one of the other main selling points is that 
it can reconfigure the network, which no other system currently can do. The following examples 
and figures exemplified a hypothetical situation to explain how does the ADMS reconfigures 
the grid. 
The static grid could be considered as the traditional way of understanding the grid. As 
previously is explained, the generation is done in a centralized way and then all the consumers 
are attached to the grid. This creates a radial network where all the power flows from the central 
power generation facility towards the consumers through power lines. If we consider the 
different urban communities, factories and so on like small microgrids connected with the other 
microgrids with only one connection point, we get a situation exemplified in Figure 4.9.  
 
Figure 4.9. Traditional main grid – microgrid power interaction 
With a situation of a high penetration of DER, the previous microgrids could also provide 
energy to the main power line. The situation could be somehow similar then to Figure 4.10, 
where the arrows indicate the direction of the power flow. 
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Figure 4.10. Distributed generation power flow diagram 
In a situation like the one described in Figure 4.10, the ADMS brings the opportunity to utilities 
to shape the microgrids depending on their needs and equilibrate the generation and demand 
between them in case there is a more optimized configuration or an unexpected event. For 
example, if two of them would be isolated from the main grid, the situation would be like Figure 
4.11. In such example, the ADMS could reshape the microgrids to allow them to be connected 
with the grid again and make one microgrid support the other. This hypothetical reconfiguration 
of the network that the ADMS would do is represented in Figure 4.12. 
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Figure 4.11. Islanded microgrid due to a fault in the power supply line 
 
Figure 4.12. Reconfiguration of the microgrids to support the previous faults 
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This reconfiguration and planning features that the ADMS provides, allows the grid to become 
a more dynamic grid and make automatic intelligent decisions without the need of manually 
reconfiguring the grid.  
4.1.8. Islanding Operation 
Islanding operation is really complicate in a microgrid. First, not many countries allow the real 
islanding (no connection with the main grid). Furthermore, the islanding requires much more 
investment and tuning (Dirkman, 2014). 
Some challenges regarding islanding include  
 The load shedding must be balanced before the islanding, as the consumption and de 
production of energy may be unbalanced just before the islanding. 
 Stabilized frequency, voltage module and phase is required when changing from the 
island-mode to grid connection or the other way around.  
An islanding operation depends on some external factors which the microgrid controller 
cannot decide how to act, such as the legal aspects of islanding and the percentage of 
possible isolation of the microgrid from the grid.  
4.2. Technology impact 
The ADMS, although it might go unseen, is and will impact the society. This impact, however, 
is difficult to estimate in numbers. Specifically, the functionality that enables a much higher 
penetration of DER and microgrids throughout the distribution and low voltage network will 
have a high social, economic or environmental repercussions. 
First, by integrating these mentioned technologies in the grid, the renewable energy can 
achieve a higher share in the global energy generation regarding the current non-renewable 
energy such as the one coming from fossil fuels.  Enabling that any building, house or 
community might be able to install solar panels, wind turbines or any other new renewable 
energy resources guarantees an increase in sustainability and quality of life for all end-
consumers. 
Furthermore, this integration that allows the ADMS can cause a change in the way the 
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consumer and the population interact with the electrical grid operators and utilities. The ADMS 
can be the first step towards a higher implementation of demand response, thus making the 
consumer go from passive consumer to active consumer. Whether if the cause of this change 
is the ADMS or the ADMS is a solution which has appeared due to this change can be 
discussed. However, this change is happening and the society every time wants to know more 
about the electrical grid, how it works or what can they do. Quoting Kenny Mercado, Senior 
Vice President of Electric Operations in CenterPoint Energy, there is no other choice… 
customer expectations are going to force grid modernization on us whether we like it or not 
(National Renewable Energy Laboratory, 2015). 
Finally, this product might change the economic model in which the economy of the electrical 
grid is based on. The possibility of giving power to the grid instead of only consuming or to 
adapt the own electricity consumption thanks to demand response allows the small energy 
producers and end – consumers to get an economical benefit out of the electrical system.  
Utilities having an ADMS will also be benefited from the implementation of this software in their 
systems. Offering new opportunities to their customers, increasing their satisfaction with them 
and at the same time and above all, modernize their grid to the new paradigm at are benefits 
that can’t be ignored. However, utilities are the stakeholders of this technology which this 
change and implementation of the ADMS will cause more trouble, not only because of the high 
cost of this product but also the complex and long time needed to implement and work at 100% 
(National Renewable Energy Laboratory, 2015). For a success in the implementation of the 
ADMS in a company, the company has to be aware of which database model does it want for 
their ADMS, which communication standards are they going to implement and the importance 
of the integrity of the database, meaning that it has to be only in one place stored. The 
communication standards which usually the ADMS has are IEC 61850, IEC 60870 and IEC 
60970. 
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5. ADMS Market Analysis 
Notwithstanding that we previously have explained what an Advance Distribution Management 
System is and the key figures that allows the microgrid and DER management, it has been a 
general analysis and description. The reason is that the ADMS is a solution which is adapted 
very specifically to every client or utility and, although in general it is the same product, some 
features make them differ between one and another. 
This situation has led to a difficulty in analyzing the ADMS present in the market, as it depends 
on each utility, their geographic situation, size, number of costumers, the network geographic 
distribution, long term strategic plan and many more characteristics which end up deciding 
between the ADMS from one vendor or another. 
Some private studies have been made for utilities and other companies to understand the 
market segmentation of the ADMS and forecast the product evolution in the coming years. 
Furthermore, important IT consulting companies like Gartner or research companies like 
MarketsAndMarkets have analyzed the major vendors present nowadays in the market who 
are developing this technology. 
5.1. Market Overview 
The ADMS development, boosted for the last years by government smart grid incentives, has 
reach now a point in which there is a mismatch between the buyers’ expectations and the 
maturity of vendors’ offers (Gartner, Inc., 2017). 
However, utilities and grid operators are increasing progressively the number of data points 
present in the distribution grid, as well as expanding the automation and telemetry. Utility IT 
resources are difficult to manage, as the amount of data increases more and more. 
Recognizing this as a handicap for them, ADMS vendors promise systems to process all this 
data for real-time and near real-time applications. Consequently, the ADMS market is expected 
to grow (Navigant Research, 2015). Even so, the potential market is not the big utilities, as 
they are very few and limited and most of them already have ADMS installed. The potential 
customers for ADMS solution are the small and medium-sized utilities present worldwide, as 
their number is very high and they have older IT systems than the big ones. 
Page 48  Memory 
 
 
Currently, the strongest market is North America and Europe. However, the numerous projects 
in Asia Pacific create a growth expectation in that region as well. Latin America, Middle East 
and Africa can become emerging markets, although the lack of infrastructure might restrict the 
growth in the following years. Figure 5.1 reflects the expected growth of the ADMS market 
from 2015 – 2024. 
 
 
Figure 5.1. Utility ADMS Software, Services, Maintenance, and Analytics Revenue by 
Region, World Markets: 2015-2024. Source: (Navigant Research, 2015) 
Difficulties for ADMS development can’t be underestimated. The high barriers to entry, the 
reduce number of buyers who are willing to face this change or the high cost of implementing 
this new technology are handicaps for this technology. As the technology is quite new, the 
number of implementations with whom to prove that the integration of ADMS is a success are 
few.  
Furthermore, the emergence and development of new technologies, such as Distribution 
Automation or Substation Automation challenge the necessity of the ADMS. The solutions 
provided by these distributed technologies (whereas ADMS is considered a more centralized 
control architecture) prove their capabilities with a much cheaper price and easy 
implementation. These solutions can be specific features that ADMS provides, such as the 
FLISR or the Conversation Voltage Reduction (CVR) (Navigant Research, 2015). 
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Therefore, ADMS vendors should prove that their entire-utility solution is better than these 
small distributed solutions. 
5.2. Key ADMS Vendors 
Vendors come from different backgrounds and this can be reflected in their ADMS products. 
Usually, vendors from North America focused their product in the OMS rather than the DMS, 
as the OMS had a high penetration in that region. In Europe, on the contrary, is more focused 
in the DMS, where the distribution system has higher load density (Rhodes, Randy; Sumic, 
Zarko, 2010). 
As the barrier of entry in this market is high, most of the vendors are multinational companies 
dedicated to the energy management sector, such as General Electric, Schneider Electric or 
ABB. However, other companies, more focused in data management and IT sector have their 
ADMS as well, like Oracle. In Figure 5.2 we can see major ADMS vendors considered by 
Gartner IT consulting company as well as MarketsAndMarkets. Although more vendors exist, 
these are considered the most important ones taking into consideration the number of end-
consumers that their ADMS serve worldwide.  
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Figure 5.2. Major ADMS vendors worldwide. Source: (Gartner, Inc., 2017) 
Gartner also evaluates them through what they call the Magic Quadrant for Advanced 
Distribution Management System, which is shown in Figure 5.3. This graphic shows the 
classification of the several main ADMS vendors. The graphic classifies the vendors and their 
ADMS solution according to the Ability to Execute and Completeness of Vision. The first one 
is the vertical axis in the graphic and evaluates the product functionality architecture and 
performance by taking into consideration the product service, overall viability, sales execution 
or pricing, market responsiveness, market execution, costumer experience or operations.  
On the other hand, the horizontal axis of completeness of vision evaluates more their level of 
innovation and how are they positioned in the market, if they are drivers or followers of the 
market. This evaluation of their ability to exploit the market and create opportunities are 
measured by their market understanding, market strategy, sales strategy, offering product 
strategy, business model, industry strategy, innovation and geographic strategy.  
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The resulting classification can be separate it between Leader, Challengers, Visionaries and 
Niche Players. More information can be found in the study report presented by Gartner Inc. 
 
Figure 5.3. Magic Quadrant for Advanced Distribution Management System. Source: 
(Gartner, Inc., 2017) 
The evaluation which Gartner does studies the ADMS as a global IT solution without focusing 
in a particular feature. Nevertheless each one of the ADMS from the major vendors proposed 
before has deeped differently in the microgrid and DER management. Taking into 
consideration the key functionalities the ADMS has in order to manage the DER and microgrid 
penetration proposed before in the study, not all of the ADMS solutions of these vendors 
provide all of them. Table 5.1. shows the different key functionalities for DER and microgrid 
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management and whether the ADMS solution of the respective major vendors integrate all of 
them or not.  
 
Vendors 
 ABB ACS GE Oracle OSI 
Schneider 
Electric 
Siemens Survalent 
Key 
functions for 
Microgrid 
and DER 
management 
Load 
Forecasting 
Yes Yes Yes Yes Yes Yes Yes Yes 
Renewable 
Forecasting 
Yes No Yes Yes No Yes Yes No 
Switch 
Management 
Yes Yes Yes Yes Yes Yes Yes Yes 
VVO Yes Yes Yes Yes Yes Yes Yes Yes 
Controllable 
Resources 
Management 
Yes Yes Yes Yes Yes Yes Yes Yes 
FLISR Yes Yes Yes Yes Yes Yes Yes Yes 
Dynamic 
Grid 
Operation 
No No Yes Yes No Yes Yes No 
Islanding 
Operation 
No No Yes No No Yes No No 
Number of functions 6 5 8 7 5 8 7 6 
Table 5.1. Major ADMS vendors and their DER and microgrid integration key functionalities 
Taking into consideration the results from Table 5.1, the integration of the mentioned 
technologies is not an standard in the ADMS solutions. One reason for why those ADMS don’t 
have all the key functionalities for DER and microgrid integration can be because their EMS is 
still focused on big generation facilities rather than small-scale DER. Depending on the 
provider, the ADMS is more advanced than others. Schneider Electric and GE seem to be the 
most developed ADMS nowadays, which in fact it matches the classification made by Gartner, 
Inc. shown previously in Figure 5.3. 
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5.3. Technology development challenges 
The technology of the ADMS is a solution already implemented worldwide in different utilities. 
In each case, however, the ADMS is adapted to the needs of the utility and their requirements. 
For example, a utility might already have a very good OMS and might want to have the ADMS 
implemented but without changing their current OMS (Navigant Research, 2015).  
In each innovation, there are stakeholders who react to the innovation in different ways. This 
has occurred also with the ADMS. The adoption of the technology of the ADMS is different 
between an innovator, the early majority or the late majority. Depending on the type of utility, 
the adoption of the technology can be like what Figure 5.4 shows. 
 Innovators and Early Adopters 
They were enthusiastic went the ADMS first appeared and saw immediately 
the advantages it had. They soon integrated them in their system. The resulting 
adoption system they had could be: 
 DMS system solution with OMS integrated in it. 
 OMS solutions expanding to include DMS in it 
Of course, the two options commented before include the SCADA system 
within the other systems. 
 Early Majority 
The early majority are the ADMS adaptors who, although they see the potential 
in the ADMS, they are adopting it slowly. They have adopted or some DMS 
solutions within their SCADA or OMS. However, these systems remain to work 
separately and are not unified in a unique system. This early majority represent 
a high number of utilities and nowadays the major vendors of ADMS sell them 
solutions which are not a whole ADMS system but rather specific 
implementations to complement what they already had (Gartner, Inc., 2017). 
 Late Majority and Laggards 
These utilities are the ones from the overall who haven’t invested in any ADMS 
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solution. The reasons might be because of the high and complex investment 
needed or because their vision for the next ten years does not contemplate the 
need of an ADMS. They usually have a SCADA and OMS systems to control 
their distribution network (Schneider Electric, 2016). 
 
Figure 5.4. ADMS technology Lifecycle. Source: (Schneider Electric, 2016) 
Currently the ADMS adoption can be positioned with the Innovation and Early Adopters. To 
move forward and attract the Early Majority, the ADMS should keep on improving, as its 
development is not completed and the ADMS developers, mainly the companies mentioned 
before, should adapt their ADMS for the upcoming new challenges it will have to face. Some 
of the technology improvements the ADMS should manage overcome can be: 
 Supervisory Control And Data Acquisition upgrade 
Most of the ADMS vendors have been innovating in systems such as Energy 
Management System, Distribution Management System, Geographic Information 
System or Demand-Side Management. However, the development of SCADA 
system remains very similar to one decade ago as in sophistication and advanced 
features. It is still a basic system which collects and receives data but does not take 
any action. These SCADA nowadays interact with the Remote Terminal Unit (RTU) 
and these interact with the devices they are connected by hardware. However, it is 
still a main function for the ADMS and electrical distribution management and 
systems such as EMS or DMS depends on SCADA to function in some aspects 
(Guilfoyle, 2016).Consequently, a specific SCADA development will be required to 
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catch up the development of the other ADMS systems  (Guilfoyle, 2016). 
 Versatility in device integration 
Although the main ADMS vendors are limited, the end-consumer devices have a 
huge number of different providers. If a customer buys a photovoltaic panel from a 
specific provider, the ADMS should be able to model and manage it. According to 
that, a major versatility in integrating devices in the system is a must in the ADMS 
development. 
 Advanced Metering Infrastructure development 
It has been pointed the importance of the advanced metering infrastructure in the 
ADMS operation. Further research and development in AMI is needed, to achieve, 
for example, an almost real-time voltage metering in an end-costumer DER, as it is 
of great importance for grid optimization (Guilfoyle, 2016). 
 Data Management 
ADMS will have to manage more and more data in the following years. Although it 
can already manage a lot of data, it needs to still improve its capacity. Besides, it will 
have to improve in correlate this massive data that it will have to manage without 
missing any relevant data and present it in a coherent and useful way so the operator 
can act immediately without having to analyze the problem first. To do so, it will also 
have to be very well modeled the grid and the data it generates.  
 Mobile support 
With the current development of mobile devices, the ADMS should be able to 
communicate with these devices and allow a control of the grid with them aside from 
the centralized control. Furthermore, the use of mobile Apps can be of a great 
importance to allow end-consumers to interact with the utility or for crew 
management, for example. 
 Cybersecurity 
As more and more data will be managed, the utilities should improve their 
cybersecurity. Demand response or controllable domestic loads will make the ADMS 
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have private information about their customers. Additionally, as the grid is more 
automatized, hacking and controlling remotely the grid without previous permission 
will be an increasing threat which can affect a high number of customers.  
 Agility in ADMS integration 
As it has been explained before, acquiring and implementing and ADMS is a really 
complex problem which is a through-back point for a lot of utilities nowadays. 
Therefore, making the implementation of the system more agile and reduce 
unexpected overcharges will be an important priority for the ADMS development and 
will make the system more marketable.   
All these improvements will make the technology of the ADMS improve and it is expected to 
convince more utilities of its usefulness. Then it would probably be able to move forward in the 
technology adoption curve of Figure 5.4 and convince the Early Majority to integrate all their 
utilities IT systems in an ADMS unique platform. 
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6. Study’s Economic Budget 
The budget of this study has been elaborated it taking into consideration both the material 
costs and staff cost. Table 6.1 and Table 6.2 reflect the different aspects taken into 
consideration in each kind of cost. 
First, we should consider the number of hours dedicated to this study. The thesis equals to 12 
ECTS credits, which, with 25h per credit, represents a total of 300h. The salary of a student 
can be compared to the one of an intern in a company, which in the ETSEIB faculty is around 
8€/h. 
Besides, there has been a monitoring of the analysis made by my thesis supervisor. The 
amount of time expended on the study have been around 20h and, as an engineer, the normal 
salary is around 40€/h.  
The material costs have been basically the cost of the tools which have been used for the 
study. It has been considered also the payback time. 
 
Staff Costs 
Human Resources 
Hours 
(h) 
Cost per hour 
(€/h) 
Cost 
(€) 
Engineering Student 300 8 2400 
Spanish Social Security for an Engineering 
Student (7%) 
  168 
1 Engineer 20 40 800 
Spanish Social Security for an Engineer (33%)   264 
Total staff cost 3632 € 
Table 6.1. Staff costs for the study 
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Material Costs 
Needed Materials 
Cost 
(€) 
Payback 
time 
(years) 
Yearly 
payback 
time 
(€/year) 
Study 
duration 
(years) 
Accumulated 
amortization during the 
study (€) 
Computer 700 6 116,67 0,5 58,33 
Microsoft Office license 149 1 149 0,5 74,5 
Total staff cost 132,83 € 
Table 6.2. Material costs of the study 
The total budget considering the costs of the study are 3765€. Table 6.3 sum up the global 
costs of the whole study. 
 
Global Project Budget 
Concept Cost (€) 
Staff Costs 3.632 
Material Costs 133 
Total 3.765 
Table 6.3. Global budget of the study 
Comparing other similar studies made by big analyst companies such as Gartner, Inc. or 
Research Navigate about ADMS features, the conclusion is that the study presented has a 
reasonably price per the experience of the analyst, an engineer student, and the focus of the 
study. Research Navigate study, for example, costs 4108€ for a license of 1 to 5 users2.  
 
                                               
2 This information has been taken from the Research Navigate Web Site: 
https://www.navigantresearch.com/research/advanced-distribution-management-systems  
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Conclusions 
The change of the distribution grid paradigm seems, not only imperative but also necessary. 
Different actors and players, such as end-consumers or government policies are boosting this 
change. 
The ADMS is a strategic product for distribution network operators and utilities. The key asset 
is the integration of the different IT systems into one, allowing the efficiency and coordination 
in the electrical distribution to get to another level. It can be considered as an optimization tool. 
ADMS is not the solution and there are alternatives already present for specific functions, such 
as Distributed Energy Resources Management System (DERMS) from DER management. 
Even though, the ADMS, as an integrated system, offers in general additional features which 
can’t be achieved with any other products.  
Although it is a difficult and complex change to implement the ADMS, the benefits are 
numerous: 
 The adaptability and resilience that the ADMS provides in a fault management 
 The ability to manage high number of distributed resources and microgrids. 
 Ability to interact with the upcoming new technologies by modernizing the grid. 
 The flexibility to adapt the grid in front of any situation towards the most efficient point 
thanks to the network planning and reconfiguration. 
Why should the company invest in such an expensive software depends in each company’s 
vision on how do they want to be positioned in the future. If the company needs to change from 
a deterministic and predictable grid towards a more stochastic grid as the Smart Grid is, the 
ADMS enables them to do so.  
There are still drawbacks to overcome and a lot of utilities to convince. What it is certain, 
though, is that the development of this technology is assured and a large number of 
multinational companies are investing in research and development (R&D) to improve their 
ADMS solution and numerous studies forecast a growth in the ADMS market for the following 
decade.  
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